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ABSTRACT 



An aqueous sizing composition having a cationic lubri- 
cant, amide compound, and cationic silicone polymer 
aqueous emulsion which is used to produce wet 
chopped sized glass fiber strands or which also has a 
film former to produce continuous glass fiber strands. 
The moisture content of the wet chopped glass fiber 
strands is controlled to within about 9 to about 20 
weight percent. The sized wet chopped glass fiber 
strands have good flowabOity and when used to pro- 
duce non-woven glass fiber strand mat, produces mat 
with good flexibility and tensile strength. 

21 Oaims, 1 Drawing Figure 
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AQUEOUS SIZING COMPOSITION FOR GLASS 
FIBERS FOR USE ON CHOPPED GLASS FIBERS 

The present invention is directed to an aqueous sizing 5 
composition for treating glass fibers and to a method for 
forming treated glass fibers and to the. treated glass 
fibers and to mat of treated glass fibers, where the 
treated glass fibershave good flow characteristics for 
use in bulk handling systems; and where the treated 10 
glass fibers are to be used to produce a non- woven mat . 
having good flexibility. 

The production of glass fibers from , molten glass 
involves attenuating fibers from small orifices in a bush- 
ing in a glass melting furnace. As the glass fibers are IS 
attenuated, but usually before they are gathered into 
one or more strands,, an aqueous sizing composition is 
applied to them. The aqueous sizing composition is 
necessary to provide protection to the fibers from inter- 
filament abrasion. Also, the sizing composition can be 20 
used to promote compatibility between the glass fibers 
and any matrix in which the glass fibers are to. be used 
for reinforcement purposes. In the production of glass 
fibers, after the sizing is applied, the fibers can be gath- 
ered into one or more strands and wound into a package 25 
or chopped while wet and collected. The collected 
continuous strands or chopped strands can then be dried 
or the wet chopped strands can be packaged in their wet 

condition. Such steps depend upon the ultimate use of ■ characteristic that is sought not in the noh- 

thejglass fibers. Thedned continuous glass fibers can be 30 en ^ t ^ fibcr ds ^ 

sub^equentiy Chopped or combined with other ghiss ^ strandTused to make the mat or 

fiber strands to form a roving or produced mto continu- ^ ^ ™£ chopped glass fiber strands are 

ous strand mats or woven. put is good flowability of dopped strands. This 

35 good flowability is especially important when the 
chopped strands are to be handled by bulk handling 
machinery in producing glass fiber strand products such 
as non-woven mat or reinforced gypsum and cementi- . 
tious products. 

40 



45 



50 It is an object of the present invention to provide an 
aqueous sizing composition for glass fibers that are 
manufactured by the wet chopped forming processing 
to yield wet chopped glass fiber strands having good 
flowability especially in bulk handling machinery. 

55 It is a further object of the present invention to pro- 
vide wet chopped glass fiber strands that have good 
flowability in bulk handling machinery. 

It is another further object of the present invention to 
provide an aqueous sizing composition for treating glass 

60 fibers in any forming process that allows for the produc- 
tion of non- woven glass fiber strand mat having good 
flexibility. It is another additional object of the present 
invention to provide a more flexible non-woven glass 
fiber strand mat. . 

65 
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In accordance with the present invention, the (low- 
ability of the wet chopped glass fiber strand is achieved 
only when the chopped- glass fibers have been produced, 
by a wet chop glass fiber forming process. The produc- 
tion of a flexible mat of glass fiber strand is achieved by 
wet or dry chopped glass fiber strand produced by the 
present invention. 



15 



20 



The method of producing fiowable chopped glass 
fiber strands that are chopped during forming involves 25 
attentuating glass fibers from molten cones of glass from 
a bushing, sizing the glass fibers with an aqueous sizing 
composition to control the moisture content of the 
chopped glass fiber strands within the range of about 10 
to about 20 weight percent, gathering the fibers into one 30 
or more strands and chopping the glass fiber strands to 
produce wet chopped glass fiber strands. 

The treated glass fiber strands can be used to rein- 
force materials such as calcium sulfate dihydrate (gyp- 
sum) and other such calcium compound products such 35 
as cementitious products. Also, the treated glass fiber 
strands can be used to produce a non-woven glass fiber 
strand mat by any process similar to the "wet laid" 
process on any type of suitable machinery to produce a 
more flexible non-woven glass fiber strand mat. 40 
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absolute fiber length for a given glass fiber diameter in 
the production of non-woven glass fiber strand mat but 
generally the half-inch chopped strands having a diame- 
ter of around 16 microns can be used. As the lengths 

5 increase, the fiber diameters can also increase and mix- 
tures of various lengths and various diameter glass fiber 

. strands can be used The wet chopped glass fiber strands 
in any suitable length and diameter can be used for 
producing non-woven glass fiber, strand mat This in- 

10 yention can be carried out by employing any glass fibers 
conventionally employed to form glass mats. Prefera- 
bly, the glass fibers will have a diameter within the 
range of about 3 to 27 microns and will have a length of 
about i inch to 3 inches. 

15 The wet chopped glass fiber strands can be formed 
into a non-woven glass fiber strand mat by any suitable 
process known to those skilled in the art. 



20 



The aqueous sizing composition with at least the .25 The wet 

cationic lubricant, cationic curable silicone polymer cn0 pped sized glass fibers of the present invention can 
emulsion and amide compound, is applied to the glass ^ used m conjunction with conventional paper making 
fibers in a wet chop forming process. Such a forming apparatus such as the inclined wire, the rotoformer or 
process involves supplying a plurality of streams of ^ f our drinier machines. The wet chopped glass fiber 
molten glass, attenuating the streams into filaments, 30 jtran(Js q{ ^ present can be used with or 

applying an aqueous sizing composition to control the dspersing aids to form a dispersion of glass 

moisture of the resulting chopped glass fiber strands to ^ gtrands m ^ aqueous suspension for use in the 
a moisture level in the range of at least about 9 to-about oth er paper making processes and 

20 weight percent of the chopped glass fiber strand, and ™hines 
cutting the continuous filaments into discrete segments. 35 mac 
The glass fibers can be cut as individual fibers, or they 
can be gathered into one or more strands and subse- 
quently cut. The cut glass fibers or glass fiber strands 
then are collected as wet chopped glass fiber strands. 
Any other suitable wet chopped glass fiber forming 40 
process can be used when the aqueous sizing composi- 
tion of the present invention is applied to the glass fi- 
bers. The control of the moisture content between the 
range of at least 9 and 20 and preferably 9 to 15 weight 
percent is crucial for the flowability of the wet chopped 45 
glass fiber strands. It is believed, without limiting the 
invention, that it is the moisture content and the unifor- 
mity of the moisture content that enables the wet 
chopped glass fiber strands to have good flowability 
properties. 50 
The amount of the aqueous sizing on the wet chopped 

glass fiber strands varies from about 0.01 to about 0.5 
percent LOI. The percent LOI will be higher when a 
starch film former is present. The wet chopped glass 
fiber strands can be chopped into any length and the 55 
diameters of the glass fibers can be any diameter from 
the microsized glass fibers to the coarser diameter glass 
fibers even including coarse glass fiber strands having a 
diameter of around 27 microns. On average, a better 
result is obtained with the aqueous sizing composition 60 
of the present invention on the coarser glass fiber 
strands ranging in diameter from about 3 to about 27 
microns. 

The wet chopped glass fiber strands can be used in 
bulk handling apparatus for . mixture with various matri- 65 
ces. An example of such a matrix is gypsum. In addition, 
the wet chopped glass fiber strands can be used in pro- 
ducing non-woven glass fiber strand mat There is nr. 
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(54) PRODUCTION OF FIBROUS SHEET MATERIAL 




(71) We, KARL KROYER ST. 
ANNE'S LIMITED, a British Company of 
St. Anne's Road, Brislington, Bristol BS4 
4AD, England, do hereby declare the in- 
5 vention, for which we pray that a patent may 
be granted to us, and the method by which it 
is to be performed to be particularly de- 
scribed in and by the following statement:— 
This invention concerns a process and 
10 apparatus for making fibrous material e.g. 
paper, paper board, folding box-board and 
carton board. Although not so restricted it 
will hereinafter be described with reference 
to the manufacture of carton board grades 
15 of folding boxboard, and paper. 

Conventionally made fibrous sheet 
materials when machine made suffer from 
the disadvantage that their dimensional 
stability is poor particularly in the cross 
20 machine direction, they are prone to curling 
and have physical characteristics e.e. stiff- 
ness and tensile strength which are 
markedly different in the cross-machine 
direction compared with the machine 
25 direction. m- . 

It has been found possible to avoid such 
undesirable characteristics by forming dry- 
laid fibrous webs. However a problem arises 
in the production of dry laid webs particu- 
30 larly in making paper and paperboaid e.g. 
for cartons in that the development of 
strength is difficult to achieve without the 
use of excessive additives in the form of 
synthetic resins and binders or starch* Such 
35 additives are costly and, if added in excess 
can cause the product to be brittle, thus 
affecting the flexibility and folding qualities 
of the sheet Similar detrimental effects can 
result by endeavouring to subject the web to 
40 excess heat. Excessive moisture, added to 
increase bonding properties is not attractive 
since the essence of the dry laid technique is 
of course to minimise the use of water. The 
use of excessive heat and/or pressure in hot 
45 pressing the web can cause serious adverse 



effects on the final sheet, particularly the 
surface characteristics resulting in dif- 
ficulties in printing cutting and creasing the 
sheets. 

It is possible to press a heated moistened 
web of dry laid fibres to consolidate the web 
Into a sheet, but strength cannot be 
developed simply be repeating toe simple 
pressing operation, as tests detailed below 
will demonstrate. , , . 

According to the. present invention there 
is provided apparatus for forming a sheet of 
paper or paperboard comprising a perme- 
able band, means for dry-laying a traveffing 
web of fibres on the band, means for ensur- 
ing the web is moist, and consolidating 
means for receiving the newly-laid moist t 
web comprising a consolidating surface, 
means for heating the surface, backing 
means for maintaining travelling the web in 
continuous contact with the surface, and 
pressure nips acting against the backing 
means at upstream and downstream 
locations so as to increase locally the 
pressure on the web against the surface 
whilst it is maintained ip continuous contact 
with the surface by the backing means, 

The backing means may be provided by 
thepenneable band. 

The pressure nips are preferably provided 
by at least two pressure rollers in co- 
operation with the consolidating surface, 
wnich is preferably provided by the surface 
of a smooth cylinder. 

Jfcere may be provided a further pressure 
nip defined in part by a plain roll, and means 
for feeding the consolidated web through 
the further pressure nip. The plain roll may 
be heated. 

When the apparatus is in operation the 
moisture content of the newfy-taid moist 
web is preferably less than 50% by weight, 
eg. 30%, the pressure of the consolidating 
sips is preferably at least 150 pXL, e.g. 
200—250 p.s.i, and the consolidating 
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surface is preferably at a temperature of at 
least 150°P, preferably 20£-350°F e.g. 
220°F. 

Starch may be added to the fibres or the 
5 fibrous web. At least 1% by weight and 
preferably 10% is added 

The invention is illustrated, merely by 
way of example, in the accompanying 
drawings in which: — 
10 Figures 1 — 5 are diagrammatic illus- 
trations of five different forms of apparatus 
for developing strength characteristics in 
dry laid fibrous webs, 
Figure 6 is a graph of the results obtained 
15 from experiments carried out with the 
apparatus of Figures 1 — 5. 

Figures 7, 8 and 9 are diagrammatic views 
of three alternative forms of machines for 
forming sheets of dry-laid fibrous materials 
20 according to the present invention. 

In carrying out experiments to determine 
the best method of developing strength in a 
dry-laid fibrous webs, webs were formed 
from a mixture of mechanical refiner 
25 ground wood pulp and 5% by weight 
Viscosol 220 (Registered Trade Man) 
starch. This mixture was dry-laid onto a 

Sermeable band and sprayed with water to a 
0% moisture content. With the band, the 
30 moistened web was passed through a 
number of different consolidating arrange- 
ments of heated pressure nips to determine 
the most effective. In each case a pressure 
nip was provided by running a rubber 
35 pressure roll (7, 20) against a smooth furf ace 
heated metal roll (o, 18) which had been 
steam-heated to a surface temperature of 
220° F. A constant pressure of 200 pJi. 
(pounds per linear inch) was applied to each 
40 pressure nip. 

For each experiment, an endeavour was 
made to form a web of 200 gsm dry ba sis 
weight This was not always possible with 
the restraints of the experimental apparatus 
45 and a correction factor was employed to 
correct the results for an effective bass 
weight of 200gsm. 

The measure of strength used for this 
series of experiments was "burst' measured 
50 in Mi. (pounds per square inch) by method 
T807 of the Technical Association of the 
Pulp and Paper Industry ("Tappi"), 

Figures 1—5 illustrate the configurations 
of pressure nips used hi the experiments. 
55 Each figure illustrates only one of a series of 
experiments using that basic configuration. 
In each case the experiment was repeated 
using a number of pressure nips. 
Referring to Figure 1, this series of ex- 
60 periments Involved a heated roll (6) co- 
operating with a pressure roll (7) to provide 



each pressure nip. The dry-laid web 10, pro- 
duced in the manner described above, was 
passed through each nip with the web un- 
supported i.e. no support band or belt was 65 
used. Three experiments were carried but, 
using one, three and four pressure nips in 
series. Only one experiment, using three 
pressure nips, is illustrated. 

Referring to Figure 2 the series of ex- 70 
periments was repeated using one two three 
and four nips, in this case the web 11 was 
supported on a permeable wire belt or band 
11 

In the series of experiments illustrated in 75 
Figure 3 the web 13 was supported between 
two permeable wire belts 14 and 15. The 
experiment was repeated with one two three 
and four pressure nips. 

In Figure 4 the series of experiments in- 80 
volved a large common heated roller or 
cylinder against which the pressure rollers 
were placed. The wire belt 16 acting as a 
backing effectively wrapped the heated 
roller (18) between the pressure rollers (20) 85 
whereby the web was maintained in contact 
with the hot surface of the heated roller. 
The experiment was repeated with one two 
and four nips. 

A further series of experiments was 90 
carried out using the configuration of Figure 
5. This was basically the same as Figure 4 
with the addition of a plain rubber pressing 
roll 21 which provided a pressure nip 
through which the unsupported web 19 95 
passed after it had been pressed and initially 
consolidated by the previous pressure nips 
and whilst supported by wire belt 16. Thus 
the wire belt 16 did not pass completely 
around the heated roller (18) but only 100 
around part of the roller. In the example 
illustrated the wire was removed and re- 
turned to the forming section after the 
second pressing roll (20), the web continuing 
on the surface of the heated roll until it 105 
passed the pressing roll 21 after which it was 
removed from the apparatus. 

The plain pressing roll 21 was applied at a 
pressure of 300 p J.L in this series of experi- 
ments, the previous pressure rolls (20) being 110 
applied at the standard 200 pii. used 
throughout the experiments. 

This series of experiments was effected 
using only two arrangements, the one illus- 
trated and another in which only one 115 
pressure roll (20) was used, followed by a 
plain roll 21. 

The webs produced in each series of 
experiments were subjected to the Tappi 
method to determine burst strength and the 120 
results obtained are shown in Table 1 and 
illustrated in Figure 6. 



TABLE 1 



Configuration 


Mn of 

nips 


Basis 
Weight 
(gsm) 


Caliper 


Bur at 
psi 


Buret Corrected 
for BW 200 gsm 


Fig. I 


1. 

3 

A 

•t 


196 
183 
177 


550 
370 
322 


11.7 
10.5 
9.3 


12.0 
11.5 
10.5 


Fig. 2 


1 

2 
3 

A 

*r 


202 
200 
185 
176 


560 
545 
560 
550 


10.2 
10.0 
4.5 
1.2 

* 


10.1 
10.0 
4.9 
1.4 


Fig. 3 


l 

2 
4 


220 
180 
188 
190 


520 
550 
520 
520 


1.2 
1.5 
2.4 
4.0 


1.1 
1.7 
2.6 
4.2 


Fig. 4 


1 
2 
4 


200 
202 
188 


545 
550 
385 


10.4 

lit ft 

12.0 


10.4 
10.7 
12.8 


Pig. 5 


1+1 
2+1 


219 
206 


475 
495 


14.0 
14.4 


12.8 
14.0 



10 



15 



20 



25 



30 



ConHderingtheresultt.itwfflbescenthat 
no gnat strength was developed fa the 
FigJre 3 configuration. It is f elt that Ads was 
prunaruy due to the heat loss created by the 
presence of the two wires, thereby pre- 
venting sufficient beat reaching the fibrous 
webTconfiguratkm of Figures 1 and 2 
started reasonably well with a single nip, but 
fa both cases the strength could not, be 
developed by increasing the number of nips. 
Inneedstrength fell in both cases. In the 

Figure 2 embodiment the poor results are 

thought to result from heat losses between 
pressings and the sequence of pressing and 
ieluing the pressure causing weakening of 
thefibre bonds. In the case of Figure 1 
arrangement, the problem is one of more 
practical nature rather than the tack of 
strength. The pulp was found to stick to the 
rollers and of course was extremely difficult 
to handle before and between pressure nips. 
The configuration to not practical Also the 
web lost strength for the reasons explained 
with reference to Figure 2. 

The results obtained from Figures 4 and 5 
apparatus were most encouraging. Both 
indicated that strength could be developed 
by tins technique. It to thought that tins to 
due to the continued Intimate, contact of 
web with heated surface preventing cooling 



and maintaining some pressure even be- 
tween nips. Thus the pressing accompanied 
by heat to continuous and results in a 
development of strength* . 

The experiments described above have 
been effected using standard moisture and 
binder content, pressures, temperatures and 
need. It to known that even the »£engths 
obtained can be further unproved by alter- 
ing these variables. 

A further series of experhnents was 
conducted using the configuration of Figure 
5. In view of the encouraging reratts ob- 
tained with a plain unheated roll (21) to 
developing strength in the previously con- 
solidated sheet, ft was arranged to replace 
the roll 21 with a heated pleto rott. A con- 
solidated web laid from New Bern Hard- 
wood bleached kraft wm usedwUh 57b 
vtocosol220. A target weight of 200 gsm was 
used and the results of the actual webs 
(170—180 gsm) were corrected to tms 
target. The cylinder 18 was run at a tem- 
perature of 284° F and the plain heated roll 
|21) was run at various temperatures and at 
varying pressures. The stiffness and the 
fcuntfector (corrected) were determined for 

Pch web produced. The series of runs and 
suits are listed in Table 2. 
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TABLE 2 



10 



IS 



20 



25 



30 



35 



Run No. 


Tahiti ft ra trrrj* i\f 








plain toll 


Nip pressure 


StiiToess 


Burst Factor 




OB 

r 


p.l.i. 


Kenley Units 




1 


0 


0 


1.7 


8.6 


2 


320 


100 


3.0 


9.0 


3 


320 


200 


6.8 


10.S 


4 


320 


230 


6.8 


10.8 


5 


320 


300 




11.2 


6 


400 


200 


7.4 


11.4 


7 


400 


300 


8.0 


11.8 


8 


400 


400 


9.0 


12.5 



Referring to Table 2 it will be seen Oat 
compared with no plain roller at all (run 1) 
toe stiffness and strength (bant factor) in- 
creased with both temperature and 
pressure. Bunt increased between runs 1 
and 8 by 50% and stiffness by a factor of 
more than 5. 

An additional advantage of the plain roll 
particularly when heated, is the pressing 
effect on toe surface of the web, which se- 
duces die wire mark and improves the sur- 
face characteristics. 

Rattier than use a plain heated roll in con- 
tact ( with heated cylinder 18, a heated up 
could be provided by two other pressnre 
rolls U. not cooperating with roll 18. A 
callendar stack may be used for example. 
On the other hand a number of heated 
rollers may be spaced about cylinder 18 or 
about another such cylinder to which the 
Piously consolidated web is fed. 
^With the need to develop very high 
strengths, it may be necessary to modify toe 
moisture content of the consolidated web. 
ThU can be done by spraying or preferably 
with a wet felt between oonWi£ttn?afld 
the further hot pressing with plain roils. " 

Practical application of the results of this 
work u illustrated in Figures 7, 8 and 9 
which show three configurations of paper 
and paper board machine employing the 
embodiments of Figures 4 or 5? 

Figure 7 of the drawing which shows a 
machine for making sheets from dry laid 
fibres. The machine comprises an endless 
belt or band 9 (of plastic or felt) on which 
are hud dry fibres mixed with a dry bind* 



such as powdered starch. Different mixtures 
are deposited in an air stream from 
distributor beads 10. 11, 12 and 13. For 
example, from heads 11 and 12 is deposited 
a ISO gsm layer of refiner groundwood du!d 

[Reentered Trade MariB. a 'powdered 
fc? ead 2 W and 13 are deposited 
webs of 20gsm and 40gsm respectivelyof a 
chemical white pulp fibre such as Store 
flufftagpuh; from Store Kopperberg mixed 
with 4% by weight dry VlscosoL 

th^SSt 1 ? bOM8 14 tald odxtures 011 

The resulting dry-laid moW-ply web is 
passed through compacting rollers 14 at 10 
PJ4. mp pressure and under wetting sprays 
15. 16 where it is sprayed with Water to 
provide a moisture content of 30% by 
weight. The moist web backed by belt 9 
passes around the surface of a steam heated 
cylinder 17 being pressed into contact 
therewith over one quarter of its periphery 
by press rolls 18. The cylinder is 12 feet in 
diameter, surface temperature 230° F. Each 

EE ffif £° ¥ Iowert P«*»* °» 
toe eyhnder the sheet is compacted and the 

moisture content has been reduced to within 
the range 15 to 20% by weight. The web or 
base sheet so formed is contacted by a 
transfer fabric 20 which continues the press- 
ing action, with cold (unheated) rolls toe 
bare sheet leaving the eyhnder with a 
moisture content of approximately 15% by 
weight Jhe i sheet is transferred to a dryer 
fabric 22 which passes the web through a 
stack of drying cylinders 23 to reducethe 
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moisture content to approximately 10% by 
weight The dried, formed base sheet passes 
on to vertical sire press 24 and further 
drying cylinders 25 and other treatment 
5 units* 26 before passing as fmishedboard 
to the finishing and reel-up units (27). 

Referring now to Figure 8 there shown 
an alternate form of machine which daffan 
from that of Figure 7 in a few small details. 
10 The main difference is that two wire belts 
are used for laying, compacting and hot 
moist pressing the web. One wire belt, 109 
carries the or? laid fibres mixed with Vlsco- 
sol from heads 110 and 112 through com- 
15 pacting rollers 114. The web 106 is then 
passed onto a second wire belt 107 which 
carries it under spray heads 115, 116 and 
around heated cylinder 117 past press rolls 
1 1 8. A heated plain roll 11? couU'be added 
20 With th* apparatus of Figure 8, llOgsm is 
laid by each head, head 110 laying refiner 
ground wood with 4% Vucosol and head 
112 laying chemical wood pulp with 4% 
Viscosol. The compacting rollers 114 apply 
25 a nip pressure of 10 pdl 

The parameters of the machine are the 
same as those of the Figure 7 embomment. 
However no transfer fabric is employed on 
the cylinder 117. The web passes directly to 
30 the stations 123—127 which correspond to 
23—27 of Figure 7. 

Although as described above a cylinder 12 
feet in diameter and having a surface tem- 
perature of 230° F was employed, ex- 
35 perience does indicate that a smaller 
cylinder, say 6 feet diameter using a surface 
teinperature of say 350? F could be prefer- 



able for certain applications. Also in- 
creasing the pressure of the r??s. moijfymg 
Selao&ture content and/or binder content 40 
can also vary the characteristics ap- 

pl ThM ly Rgure 9 shows an arrangement 
which could be used for producing paper 
Jeta .Fibres are deposited on to a porous 45 
screen 30 made of plastic, wire or porous 
felt. The web passes through press rolls 31 
operating at lb p.l-L and js sprayedbya 

pit and urge it into contact with qdkder 5b 
34 without an intervening wire. 
further treatment as may be required is 
carried out by application at a site press *> 
aid drying stack 37 before the sheet is 
reeled up at 38. , ,, 

Physical properties of the base sheet (he. 
Wore finishing and coating) formed on the 
Xchtoes of Figures 7 and 8 (without roB 
lfo) are compared with a conventionally 
^ade wet laiitoard in Table 3. Also in- 
luded in Table 3 are the characteristics of 
JJesame dry laid sheet after finishing and 

*cSSentional British Standard methods 
were employed for measuring tensile (uring 
alchopp^rtensUe tester), and stretch under 
Stress and stiffness was measured using a 
Kenley tester. 
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TABLE 3 



Property 


A 


B 


C 


(i) 


(ii) 


(0 


(ii) 


Basis Weight (gsm) 


259 


240 


290 


210 


250 


Caliper (microns) 


442 


480 


450 


420 


460 


Bulk Ratio (asg) 


0.59 


0.50 


0.64 


0.50 


0.54 


uimensionai stability (%) 












M/c Direction 


0.05 


0.05 


0.05 


0.05 


0.05 


Cross M/c Direction 


0.50 


0.05 


0.05 


0.05 


0.05 


Ratio Cross M/c to M/c 


10:1 


1:1 


1:1 


1:1 


1:1 


Tensile (kgra/1.5 cm Width) 












vawuuppci i ensiie 1 ester/ 












M/c Direction 


25 5 


7.7 


7.9 


6.9 


7.3 


Cross M/c Direction 


7.9 


7.7 


7.9 


7.1 


7.4 


Ratio M/c to Cross M/c 


3.2:1 


1:1 \ 


1:1 j 


1:1 


1:1 


oucicn v«v Under Stress 












M/c Direction 


3.1 


2.7 


2.7 


2.5 


2.5 


Cross M/c Direction 


4.4 


2.7 


2.7 


2.5 


2.5 


Ratio Cross M/c to M/c 


1.4:1 


1:1 


1:1 


1:1 


1:1 


Stiffness (Kentey Units) 

M/c Direction 
Cross M/o Direction 
Ratio M/c to Cross M/c 


35.0 
10.7 
3.3:1 


7.6 
7.4 
1:1 


15.8 
15.6 
1:1 


5.8 
5.7 
1:1 


14 
14 

1:1 



Code 

A. Conventional wet laid white lined Duplex type board. 

B. Dry laid white lined Duplex type board 

(i) before finishing and coating 

(ii) after finishing and coating. 

C Dry laid white lined Triplex type board 

(i) before finishing and coating 

(ii) after finishing and coating. 
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Further treatment is shown in Figures 7 
and 8 such as application at the size press 
and at the coating head of suitable sizing 
and surfacing. With these further treat- 
5 raents, the base sheet characteristics can be 
altered. Thus strength characteristics such 
as stiffness can be greatly enhanced to bring 
it to the requirement of the converting pro- 
cess without adversely affecting the other 
10 properties or the squareness of the product. 
It will be seen that the sheet so formed is 
virtually 'square' in that the ratio of its 
physical properties in the cross-machine 
direction and the machine direction is sub- 
1 5 stantially 1:1. The same ratio is applicable to 
the physical characteristics of the base sheet 
taken in any two mutually perpendicular 
directions in the plane of the sheet thus 
providing an "homogeneous" sheet. 
20 One of the most beneficial characteristics 
of the new product, is the dimensional 
stability of the sheet to changes in at- 
mospheric humidity. It will be seen that the 
sheet is virtually completely stable, having a 
25 percentage change of only 0.05 in both 
machine and cross machine directions. 
Similar values are expected in all directions 
in the plane of the sheet. 
Such a stable sheet has great benefits for 
30 the converter. The printer will have less 
problem with register and, particularly on 
multi-colour printing, this will greatly in- 
crease efficiency as well as drastically 
reducing scrap. The carton cutter creaser 
35 and maker will also benefit since the stable 
sheet will provide stable size cartons having 
stable dimensions and this will greatly in- 
crease the efficiency of the carton making as 
well as the packaging machinery. Rotary 
40 printing cutting and creasing are particular 
areas benefiting from the stable sheet. 

The squareness and homogeneity of the 
resulting sheet also has benefits for the con- 
verter i.e. the printer and carton board 
45 manufacture. It is known that in con- 
ventional board better creasing can be 
effected in the cross machine direction 
compared with the machine direction. With 
the present sheet there will be less differ- 
50 ence and indeed the difference can be 
eliminated. Thus the carton maker will not 
be limited on the manner in which he must 
set out or lay down carton blanks on a sheet. 
Whereas carton blanks have conventionally 
55 been laid down transversely of a web of 
material i.e. with their longitudinal axis 
across the sheet, one can lay them down 
along the sheet with the present material. 
This gives the carton maker more flexibility 
60 particularly in accommodating more carton 
blanks across the web width. Large savings 
can result 

Furthermore by tending to equalise the 
properties of dimensional stability and 
hS shrinkage in the two directions, the prob- 



lems of register and printing generally on 
rotary gravure machines will be decreased. 
Again, rotary cutting and creasing can be 
facilitated since more controllable sheets 
will be provided. 70 

The present board has as pood cutting and 
creasing properties in all directions as con* 
ventional board has in the cross machine 
direction. Furthermore it is found that the 
board is relatively easily mouldable. The 75 
board can be forced past its elastic limit 
more readily than in conventional boards. 
This facility not only avoids spring-back of 
normal folded creases but also enables one 
to mould the board to many different 80 
shapes. The creases will also be sharper and 
will provide the resulting carton with a 
squarer and more attractive appearance. 

The bulk factor of the present product . 
can be made far better than conventional 85 
board. This can provide greatly enhanced 
printing qualities particularly for gravure 
printing. Thus the bulkier board will be 
more compressible and will thus more 
readily withdraw the ink from printing 90 
rollers. Bulk will also provide greater pro- 
tection for goods packed in cartons made 
from the board or, for the same caliper 
board, a lighter board can be used com- 
pared with conventional standards. 95 
Bulkiiness also facilitates creasing and fold- 
ing since the board is more compressible. 
Thus whereas conventional boards resists 
folding due to their low compressibility at 
the internal surface on corner creasing, 100 
present boards will readily compress and 
thus fold more readily. As well as giving 
sharper creases this provides less spring- 
back and more efficient folds. 

Thus with the present invention there is 105 
provided a process and apparatus for con- 
solidating and developing strength in dry- 
laid webs of fibrous material without the 
need for excessive moisture binder heat or 
pressure and in a practical and efficient 110 
manner which does not detract from the 
benefits of the dry-laying technique for web 
production. The process and apparatus is 
particularly well suited to the production of 
paper paperboards and folding boxboards. 115 

The sheets characterised in table 3 are 
claimed in our copending application No. 
1055/75 (Serial No. 1418030). 
WHAT WE CLAIM IS:— 
1 . Apparatus for forming a sheet of paper 120 
or paperboard comprising a permeable 
band, means for dry-laying a travelling web 
of fibres on the band, means for ensuring the 
web is moist, and consolidating means for 
receiving the newly-laid moist web com- 125 
pris}ng a consolidating surface, means for 
heating the surface, backing means for 
maintaining the travelling web m continuous 
contact with the surface, and pressure nips 

acting against the backing means at up- 130 
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stream and downstream locations so as to 
increase locally the pressure on the web 
against the surface whilst it is maintained in 
continuous contact with the surface by the 
S backing means. 

2. Apparatus as claimed in claim 1 where- 
in the backing means is provided by die 
permeable band. 

3. Apparatus as claimed in claim 1 or 2 
10 wherein the pressure nips are provided by at 

least two pressure rollers in cooperation 
with the consolidating surface. 

4. Apparatus as claimed in any preceding 
claim wherein the consolidating surf see is 

15 provided by the surface of a smooth 
cylinder. 

5. Apparatus as claimed in any preceding 
claim including a further pressure nip 
defined in part by a plain roll, and means for 

20 feeding the consolidated web through the 
further pressure nip. 

6. Apparatus as claimed in claim S where- 
in the plain roll is arranged to contact that 
surface of the consolidated web previously 

25 in contact with the backing means. 

7. Apparatus as claimed In claim 5 or 6 
wherein the further pressure nip is defined 
by two plain rolls* 

8. Apparatus as claimed in claim 5 or 6 
30 wherein the further pressure nip is defined 

by the plain roll in co-operation withthe 
consolidating surface. 

9. Apparatus as claimed in claim 6, 7 or 8 
wherein the further pressure nip includes 

35 one heated plain roll, and means for feeding 
the unsupported consolidated web thereto. 

10. Apparatus as claimed in any one of 
claims 5 to 8 including means to heat the or 
each plain rolL 

40 U. Apparatus as claimed in claim 10 
wherein, in operation, the plain roll is main* 
tained at a temperature of 300—500° F, and 
the further pressure nip is maintained at a 



pressure of 150—500 pJ.L 

12. Apparatus as claimed in any preceding 45 
claim wherein, in operation, the moisture 
content of the newly-laid moist web is less 
than 50% by weight, the pressure of the 
consolidating nips is at least 150 plL, and 
the consolidating surface is at a temperature 50 
of at least 150°F. 

13. Apparatus as claimed in claim 12 
wherein, in operation, the moisture content 
of the newly-laid moist web is 30% by 
weight, the pressure of the consolidating 55 
nips is 200—250 p.U., and the consolidating 
surface is at a temperature of 200—050° F. 

14. Apparatus as claimed in claim 13 
wherein, in operation, the moisture content 

of the newly-laid moist web is 30% by 60 
weight, the pressure of the consolidating 
nips is 200 p.LL, and the consolidating sur- 
face is at a temperature of 220° F. 

15. Apparatus as claimed in claim 3 
wherein the pressure rollers are unheated 65 
and cold. 

16. Apparatus as claimed in any preceding 
claim wherein the means for ensuring the 
web is moist is provided by a water spray 
directed onto the dry-laid web. 70 

17* Apparatus as claimed in any preceding 
claim including means for adding at least 
1% by weight of starch to tbe fibres or the 
fibrous web. 

18. Apparatus as claimed in claim 17 75 
wherein 10% by weight of starch is added to 

the fibres or the fibrous web. 

19. Apparatus for forming a sheet of 
paper or paperboard substantially as herein- 
before described with reference to and as 80 
shown in any one of Figures 4, 5, 7, 8 and 9 

of tbe accompanying drawings. 

B.O. FREEMAN, 
Chartered Patent Agent, 
Agent for the Applicants. 
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[57] ABSTRACT 

A binder composition and method for using same in 
sizing compositions for treating glass fibers is provided. 
The binder composition is an aqueous emulsion contain- 
rag isotactic carboxylated polypropylene along with 
amorphous carboxylated polypropylene, base, and sur- 
factant. The isotactic carboxylated polypropylene is 
incorporated in the emulsion by a method of co-eraul- 
sification of the isotactic and amorphous carboxylated 
polypropylene in a ratio of 1:1 to 1:4 parts by weight 
along with the base and surfactant Water is added to 
the co-emulsified blend to obtain the emulsion with the 
desired solids content 
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EMULSION COMPOSITION AND METHOD FOR 
USE IN TREATING GLASS FIBERS . 

BACKGROUND OF THE INVENTION ,5 

The present invention relates to a composition and 
method of making same for use in a size composition for 
treating glass fibers during or after forming with an 
aqueous size composition which prepares the glass fi- 
bers for bonding to polyolefin resin in the reinforcement 10 
of specific poly olefin materials. 

Glass fibers have many uses one of which is for' rein- 
forcement material in the form of continuous strands, 
chopped strands, mats* roving or woven cloth for poly- 
olefins. The glass fiber reinforced polyoleflns have bet- *? 
ter dimensional stability, tensile strength, flexural mod- 
ulus, flexural strength, impact resistance and creep resis- 
tance than unenforced polyolefin material. 
. The- glass fibers for use as reinforcement material are 
made by drawing at a high rate of speed a multitude of 20 
molten glass streams that flow from small openings in a 
bushing. The. fibers are treated with a size composition 
that performs several functions; It protects the fibers 
during gathering into a strand or strands and during 
further processing. It also has the capability to couple 25 
or to adhere the glass fibers with the polyolefin material 
in which the.glass fibers are to be used as reinforcement 
In addition, the size composition makes the surface of 
the glass fibers compatible with the polyolefin material. 
The size composition performs these functions by con- 30 
taming the following components usually in an aqueous 
dispersion or an emulsion: a glass fiber lubricant, a cou- 
pling agent, and a film forming synthetic resinous 
binder. After the glass fibers are treated with the size 
composition, they are gathered. together and wrapped 33 
on a tube or spool by a winder that usually. also provides 
the pulling force to draw the fibers to produce a form- 
ing package. The glass. fibers are removed from the 
forming package to produce the fiber glass products 
used to. reinforce polyolefin material. 40 
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together provide the attenuation- necessary to form the 
fibers. The 'strand or stratads are then passed between 
the cot roll and cutting blades. The chopped strand then 
: falls .onto a conVeyor.as a weCl^Oppeii stxai^. The wet 
5 chopped strand is conveyed ufi heater to reduce the 
moisture of the strand to produceTdried chopped strand 
fobusw.aiireinforcenicnti. ' K . 



The glass fiber strand to be treated with the size com- 
position containing the binder composition of the pres-. 10 
ent invention may be typically produce)! according to 
the teachings of U.S. Pat No. 2,133,238. The glass fiber - 
strands are composed of a multitude of fine glass fila- 
ments which are formed by being drawn at a> high rate 
of speed from molten cones of glass located at the tips of 15 
small orifices in a bushing. During the formation of die- 
glass fibers, the filaments are coated with the size com- 
position containing the binder composition of the pres- 
ent invention. Coating of the filaments takes place while 
they are moving at a speed in the order of 1,000 to 20 
20,000 feet per minute. The coating is accomplished in 
the immediate' vicinity of the hot bushings and the glass 
furnace in which the glass is melted. After coating, the 
glass fibers move a short distance onto a collecting 
means, whereupon they are subsequently dried to drive 25 
off residual moisture.' 

It is to be understood that the sized glass fibers may 
be formed and the size composition applied by the 
known methods of fiber formation and sizing applica- 
tion. Representative of a method of fiber formation and 30 
sizing application is the process illustrated in FIG. 2 of 
U.S. Pat No. 3,849,148 which is hereby incorporated 
by reference. Glass fiber filament emerge from.orifices . .. 
of an electrically heated bushing. These fibers are atten- 
uated and by means of a strand pulling device these 35 
filaments are gathered to form a strand of glass fiber 
which may comprise numerous individual fibers. The 
sizing is applied to the fibers by conventional size appli- 
cators, such as a kiss*roll applicator ora belt* applicator 
device. Details of a sizing applicator is shown in U.S. 40 
Pat No. 2,728, 972/ The filaments after exiting the bush- 
ing are cooled by air or preferably water. -The filaments 
are gathered into bundles by a- gathering shoe and are 
then lead to a strand pulling device such as that illus- 
trated -in U.S. Pat No. 3,292,013, as well as, in the 45 
above-referenced, patent U.S. Pat. No. 3,849,148. The 
glass fiber strand or strands, if the filaments exiting from 
the bushing have been separated into Several strands, 
are then wound onto a forming tube on a collet rotating 
at approximately 7,500 rpm to produce a strand' travel 50 
of approximately 12,000 to 15,000 feet per minute. The 
glass fiber strand forming packages are then dried. This 
generally is accomplished by baking the packages of 
glass tTbera at a temperature and for a period' of time 
sufficient to remove substantially all the water. Gener- 55 
ally a curing time for the instant size composition is 
about 1 1 hours at 270' F. (132* C.).' 

The glass fiber strand sized with the size composition 
having the binder composition of the present invention 
can be further processed in several ways to be used as 60 
reinforcement for polyolefin materials. 

One approach involves forming the glass fibers and 
treating the glass fibers with the -size composition in the 
aforementioned methods. The filaments are gathered 
together ,tp form one or more strands/ The strahd 'or 65 
strands are passed through a free wheeling feed , roll 
which aligns the- strands for the 'subsequent -caning 
action. The feed roll is in contact with a cot roll that 



4,240,944 ^ 

11 chopped in i" lengths and direct dry in blend molded 

"SHE 6323PM (12 melt flow) and Pro-Fa* 6523PM 
(A melt flow) polypropylene resins at temperatures of 
t^iw Jd^F ^r C) (260* C) (288- C). All 
5 these resins are available from Hercules, Inc. 
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EXAMPLE 3 

A size composition made in a manner similar to that 
of Example I except it had 15 percent of the emulsion 
identical to that of Example 1 and a concomitant in- . 
crease in the amount of polyurcthane film former. 65 

The size composition of Example 2 was used to treat I 
glass fibers made in the aforedescribed process for pro- 
ducing chopped glass fiber strands. The strands were 
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© An air permeable sheeMIke structure comprising 20 to 
60% by weight of reinforcing fibres having a high modulus of 
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about 60 millimetres long, and 40 to 80% by weight of wholly 
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and In which the fibrous and plastics components are bonded 
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IMPROVEMENTS IN FIBRE REINFORCED 
PLASTICS STRUCTURES 



This invention relates to sheet-like fibrous structures, 
and in particular to such structures for use in the 
production of fibre reinforced plastics materials or 
articles, .The invention also relates to a process for . 
5 making such materials. 

Plastics sheet materials made from thermoplastic resins 
are widely used in the manufacture of moulded articles. 
Such materials are, however, not of great strength or 
| rigidity, and >here suett properties are required, fibre 
10 reinforcement is introduced. 

Thus, for example, in the manufacture of one such 
material, layers of glass fibre mat are interposed between 
layers of thermoplastics material, the composite structure 
being needled to produce a degree of integration of the 
layers and then heated under pressure to produce 
15 consolidated rigid sheets for use in moulding. 

However, for satisfactory moulding of such sheets, they 
must be homogeneously preheated. This requires both time 
and accurate temperature control if overheating and 
degradation of the sheet surfaces is not to occur whilst 
the core portions of the sheets are brought up to the 
20 required moulding temperature. Also, for a moulding of 
given dimensions, an optimum size of consolidated sheet is 
required if excessive waste in the form of flash is to be 
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avoided. As a result a moulder who manufactures a wide 
range of mouldings must carry a corresponding range of 
sheet sizes, be prepared to cut large sheets to an 
appropriate size or accept a high degree of wastage* 

5 Furthermore, when used for deep draw moulding it is found 
that such materials are not capable of being used tq form 
mouldings of uniform structural strength. This is 1 
because the glass fibre mat is constituted of very long 
glass fibre strands (i.e. fibre bundles) of perhaps 200 

10 centimetres or more which extend in a random serpentine 
manner throughout the whole sheet. This substantially 
restricts their movement during; moulding in that they 
cannot flow with the thermoplastics material constituting 
the remainder of the structure. As a result, relatively 

15 thin parts of the moulding such as stiffening ribs are 
starved of fibre reinforcement. Additionally, because of 
the mode of manufacture of such reinforced sheets, they 
have to be fully, consolidated by the application of heat 
and pressure in order to be transportable. As a result, 
20 they can only be supplied to the moulder as flat, 

impermeable and rigid sheets which are difficult to handle 
in a continuous moulding process. 

It is among the objects of the present invention to 
provide a composite fibre and plastics material for use in 
25 the moulding of fibre reinforced plastics articles which 
overcomes or alleviates the disadvantages of known 
materials as described above. 

The invention therefore provides an open sheet-like 
structure comprising 
30 - from 20% to 60% by weight of reinforcing fibres having a 
high modulus of elasticity (as herein defined), and 
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between about 7 and about 50 millimetres long, and 

- from 40% to 80% by weight of wholly or substantially 
unconsolidated particulate plastics material 

- the fibrous and plastics components being bonded into an 
5 air permeable structure. 

Preferably, the fibres are in the form of single discrete 
fibres. Thus, where glass fibres are used, and are 
received in the form of chopped strand bundles, the 
bundles are broken down into single fibres before the 
structure is formed. 

10 A high modulus of elasticity is to be taken as meaning a 
modulus of elasticity substantially higher than that of a 
consolidated sheet which could be formed from the 
structure. Fibres falling into this category include 
glass, carbon and cerajtic fibres and fibres such as the 

15 aramid fibres sold under the trade names Kevlar and Nomex 
and will generally include any fibre having a modulus 
higher than 10,000 Mega Pascals. 

Particulate plastics material is to be taken as including 
short plastics fibres which may be Included to enhance the 
20 cohesion of the structure during manufacture. 

Bonding may be effected by utilizing the thermal 
characteristics of the plastics material within the 
structure. Thus the structure may be heated sufficiently 
to cause a thermoplastic component to fuse at its surfaces 
25 to adjacent particles and fibres. . Or a poet formable 
thermosetting component may be so heated to produce a 
similar effect. Care must be taken however to ensure 
that the conditions of heating are such as to prevent 
degradation of the plastics material after bonding. 
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Alternatively, a binder may be added during manufacture of 
the structure to effect bonding. Any binder may be used 
which will effect a bond at a lower temperature than that 
which would result in consolidation of the plastics 
5 material within the structure. Suitable binders include 
polyvinyl alcohol, polyvinyl acetate, carboxymethyl 
cellulose and starch. 

Individual fibres should not be shorter than about 7 
millimetres, since shorter fibres do not provide adequate 
10 reinforcement in the ultimate moulded article. Nor 
should they be longer than 50 millimetres since such 
fibres are difficult to handle in the preferred manufac- 
turing process for the fibrous structure. 

Preferably glass fibres are 13 microns in diameter or 
15 less. Fibre of diameters greater than 13 microns will 
not so efficiently reinforce the plastics matrix after 
moulding. 
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10 Preferably, the degree of bonding is controlled to cohere 
the components whilst still retaining sufficient 
flexibility to permit the structure to be reeled. In the 
reeled condition, it can be transported readily for use 
by a moulder in a continuous preheating and moulding pro- 

15 cess* Alternatively, and to minimize material wastage, 
shaped elements may be cut, pressed or stamped from the 
structure and supplied to the moulder in a form permitting 
articles to be moulded with minimum flash to be disposed 
of. The residual material may be recycled through the 

20 forming process, and neither the moulder nor the manufac- 
turer of the fibrous structure will be faced with the 
need to dispose of waste material. 

Alternatively, the degree of bonding may be such as to 
produce a rigid, but still air permeable sheet where this 
25 will meet the moulder's requirements. This is effected 
by adjusting the amount of the degree of fusing of the 
thermoplastic, or the amount of binder added to achieve 
the desired effect, the adjustment depending on the kinds 
of thermoplastics or binders used. 
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In those cases where the moulder is only equipped to 
handle consolidated sheets, the fibrous structure may be 
consolidated by cutting into appropriate lengths and then 
heating and cooling under pressure. It will be 
appreciated that such consolidation can only be carried 
out when the plastics content of the sheet is wholly of 
thermoplastics material. 
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In another aspect, the invention provides a process for 
the manufacture of a permeable sheet-like fibrous struc- 
ture, which includes forming a web with 20X to 60X of 
single fibres having a high modulus of elasticity (as 
5 herein defined) and between 7 and 50 millimetres long, 
and 40X to 60% by weight of a wholly or substantially 
unconsolidated particulate plajBtics material, and then ( 
treating the web to bond the fibres and plastics material 
together. 



25 The web of fibres and plastics powder may also be formed 
using a dry laying technique as described in UK Patent 
No. 1424682. In this case, the binder may be applied by 
means of a spray or by dipping and draining the web after 
it has been formed. 



i 
I 



- 8 - 



0148760 



In all cases however, after the web has been formed It is 
treated, usually by heating, to effect bonding without 
substantially consolidating the plastics particles held in 
the web. Slight metering may be effected to ensure that 
5 the structure produced has a constant thickness. However, 
pressure and temperature conditions must be less than 
those which would compact the web and consolidate any 
thermoplastic component or cure any thermosetting 
component which it may contain. 

10 Optionally, where a customer is only equipped to handle 
consolidated sheets, and the plastics content of the 
fibrous structure is wholly of thermoplastics material, 
the structure is cut into required lengths, after which it 
is subjected to heating and cooling under pressure to 

15 effect consolidation. 
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Referring first to Figures 1 and 2, this shows an 
uncompacted fibrous structure comprising fibres 1 bonded 
together at their points of intersection 2 by a binder so 
as to form a skeletal structure within the interstices of 
S which a particulate plastics material 3 is also retained 
by the binder. , 

Typically, the fibres are glass fibres 12 millimetres long 
and 11 microns in diameter, the binder is polyvinyl 
alcohol and the plastics material is polypropylene 
10 particles. 



- 10 - 



0148760 



Means for optionally consolidating the material produced 
as described above are shown in Figure 4. This shows a 
continuous hot press of the steel band type (Sandvik 
Conveyors Ltd.) which may be employed to consolidate 
10 material received directly from the rolls 24 or material 
which has already been reeled. The press is shown at 30 
in Figure 4 wherein a pair of travelling endless steel 
bands 31 are each retained around a pair of rotating drums 
32 and 33. • The separation between the pair of bands 31 
15 decreases from the inlet^34 to the outlet 35 and defines a 
passage, through which the web (not shown) is conveyed 
from right to left. Between drums 32 and 33 there are 
provided six sets of roller chains 36a, 36b and 36c 
arranged in pairs on opposite sides of the passage I 
20 adjacent the bands 31. The lower sets of chains 36a, 36b 
and 36c are fixed but the upper sets are reciprocally 
mounted and connected to hydraulic rams 37. In this way, 
each pair of chains 36a, 36b and 36c serves to guide and 
maintain the bands 31 in position and also to consolidate 
25 the web whilst being conveyed through the passage. 

Between chains 36b and 36c, there are provided two nip 
rolls 38 which are disposed on opposite sides of the 
passage adjacent the bands 31 j the lower roll being 
supported by a hydraulic Jack 30. These rolls 38 further 
30 assist in the consolidation of the web. Within the sets 
of chains 36a and 36b are heating platens 40a and 40b 
which heat the bands 31 and in turn the web whilst cooling 
platens 40c are disposed within the set of chains 36c. 
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CLAIMS 

1. An air permeable sheet -like structure comprising 

20% to 60% by weight of reinforcing fibres having a 
high modulus of elasticity (as herein defined) , and being 
5 between about 7 and about 50 millimetres long, and 40% 
to 80% by weight of wholly or substantially Uncbnsolida*. 
ted particulate plastics material, and in which the 
fibrous and plastics components are bonded into an air 
permeable structure. 

10 2. An air permeable sheet like structure as claimed 

in claim 1 in which the fibres are in the form of single 
discrete fibres. 



- 18 



0148760 



0148760 



5 18 # A process for the manufacture of a permeable 

sheet like fibrous structure which includes forming a web 
with 20% to 60S of single fibres having a high modulus of 
elsasticity (as herein defined) and between 7 and 50 
millimetres long, and" 4.0% to 60*. by weight of a wholly or 

10 substantially unconsolidated particulate plastics material, 
and then treating the web to bond the fibres and plastics 
material together, 

19* A process as claimed in claim 18 in which the 
fibres are in the form of single discrete fibres* 

15 20. A process as claimed in claim 18 or claim 19 in 
which the particulate plastics material includes short 
plastics material fibres. 

21. A process as claimed in claims 18, 19 or 20 in 
which the particulate plastics material components are 
20 bonded together to provide the bonding. 
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3& A process as claimed in any one of preceding 

claims 18 to 31 which includes forming the web on a paper 
making machine. 



. 0148760 

33. A process as claimed in any one of preceding 
claims 18 to 31 in which the web is made using the dry 
laying technique and the binder is applied by means of 
a spray or by dipping and draining the web after it has 

5 been formed. 

34. A process as claimed in any one of preceding 
claims 18 to 33 in which the plastics content of the 
fibrous structure is wholly of thermoplastics material 
which is subjected to heating and cooling under pressure 

10 to effect consolidation. 
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Method of making a composite molded article 

Method of making a composite molded article 

Method of making a composite molded article 

RalTling. sealing or reinforcement member with thermoset carrier member nnci 
method of forrning the same 

Wealherable multilayer articles and method for their preparation 
Injection blow-molded disposable tumbler and method of making, same 
Stabilized mctailocene polyolelms 
Multi-chamber container 
Thermoplastic polymeric ovenv/are 
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119 20040129333 Non-marring tire lever 

120 20040121 114 Meihcd^ systems and compositions forfuej^ 

121 200401 19202 Fmbossed indicia on foam core in^gimj media 

1 22 20040 1 1 9 1 £9 Indi cia on foam core support medio 

123 200401 1 8509 Concentrations to improve surface adhesion characteristics of polyacetm-hused 

coinpp&i tioris 

1 24 20040 1 1 6603 Poly easier compositions for pppearance parts 

125 200401 165S3 Styrcne polymer composition and molded article objaincd ji\erdruni 

126 20040116572 Polyethylene terephthalate compositions 

127 i 1 2 # iu7 Method of 1her«)pfon«ing fiber reinforced tbemopi^^fe sandwich panels, 

thermofbrmed unkks, and modular container structure assembled therefrom 

128 nm*>\ Method of producing a thick, thcmiaformabte. fUK:w?intbixcdi.emyMdied 

product 

1 29 20040 1 1 0S90 Polyester compositions for appearance pails 

1 30 2ut Hi* \ i 1 Unidh ectional web made of composite material 

131 2004010673 1 Po!\ (ester) carbonate molding comifajgitions 

132 20040 1 06723 Piasticized polyqlcfin compositions 

1 33 20040 1 06703 Pigment formulations 

134 20040102591 Polymerization of olefins 

135 20040 10 16S7 Articles of manufacture incorporating polye5ter/pojyca& 

1 36 20040 101678 Then nopla ,*tic article having a decorative material embedded therein 

137 200400966H3 Modified ethyl ene-vinyl alcohol copolymer and. thereof 

138 20040094486 Use of polymers as filtering aids and/or stabilisers 

139 20040092330 Hybrid golf club shaft 

140 20040092329 Hybrid golf dub shaft 

141 lomimiim PROCESS FOR MAKING .GLASS-REINFORCEP MXJLTI r LA.YER sheets 

FROM OLEFIN POLYMER MATERIALS 

142 20040090330 Electrically conductive patterns, antennas and mdhcda.Dfj^!ffl^a£tU.r£ 

143 2«ti4irf*4.iU4 POROUS POLYMERIC MEMBRANE TOUGHENED COMPOSITES 

144 2OO4O077787 Fabricated articles prepared from blends of substantially random 

ethylen^prppylene/vinyl aromatic intupolymers with polypropylene 

145 20040072006 Method of attaching plastic to a metal section and part made. thereby 

146 20040069972 Corrosion. inhibiting. composition and article containing it 

147 20040068059 Aliphatic polyester copolymer and process for producing the same, Wodegrfl.dah.le 

resin molding based on aliphatic polyester, and lactone<onta'miny resin 

1 48 20040067705 Procc is of bonding and composites made therefrorn 

149 20040064163 Contoured battery for implantable medical devices and method of manufacture 

150 20040063837 Tarnish inhlhitivm composition and.a.nt.cic contfkini.ng.it 
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Searching PGPUB Production Database... 

Results of Search in PGPUB Production Database for: 

SPEC/(thermopIastic AND ("glass fiber" OR "glass fibers") AND (thermoformable or 
thermoforming)): 382 applications. 
Hits 151 through 200 out of 382 



Prey. 50 Hits 



Next 50 Hits 



Jump To 



J r 



Refine Search |SPEC/(thermoplastic AND ("glass fiber OR "glass fib 



PUB. APP. 
NO 

151 20040062986 

152 20040062985 

153 20040059035 

154 20040059010 

155 20040058182 

156 20040058175 

157 20040058141 

158 20040058092 

159 20040055705 

160 20040053001 

161 20040051212 

162 20040041134 

163 2,00^00441 19 

164 20040044105 

165 3(104004 H20 

166 20040039108 

167 20040036658 



Title 

Contoured battery for implantable medical devices arid method of manufacture 

Contoured battery for implantable medkal devices and.m?jho4 of mamifneiure 

Plastic shipping and storage containers and composition and method therefore 

Composite foam made from polymer microspheres reinforced with Isng.ftbers 

Glass preform with living binge 

Layered composite sheet or layered composite film 

Powder coating systems 

Liquid crystalline polymers,. processes tor their m^nufiicjur&jwtd _artMes.the.GgQf 

Hybrid spray booth for powder coating systems 

Process for printing and molding a flocked article 

Moldahlc preform with B-stage thermoset polymer powder binder 

METHOD TO MAKE A SOLID POLYMERIC PHOSPHATE AND RESINOUS 

COMPOSITIONS CONTAINING IT 

Pigny entai ion form til aliens 

METHOD FOR IMPROVING FIBER DISPERSION AND ORIENTATION IN 
LET-DOWNS OF LONG FIBER REINFORCED COMPOSITES 
Composite panel and method of forming the same 
Elastomer composition containing a softening agent 
Bodywork part with integrated antenna 
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168 20040036302 Pedestrian energy absorber for automotive vehicles 

1 69 20040034 1 40 Thermoplastic resin compwilipQ, m.otded prociucUis^ 

member for electric and de&tronic pMs.ust;^.ihcjaine 

1 70 200-10034 1 32 Flame b elafdanl rest nous compositions and meyiqd 

171 20040033355 Strin^binders 

1 72 20040032 1 56 Furniture with molded frame 

173 20040028007 Weathcrable multilayer articles and method for their preparation 
1 74<10R4W288^ Composite component and process fur its production 

175 20040028S26 Process for coaling to obiain special syr face .effects 

176 20040024102 Sulfonated ajiphatic-aronmticpplyevher^ter !H 

1 77 20040024 1 0 1 Sulfonated aliph:ri!C-arornatjC copolydh^'esieis 

1 78 20040022977 Injection blow-molded disposable tumbler and iiieihod of maid ngj^tme 
I79^mmm^} sheet, fiber and resin composite material and method and apparatus for formins 

same 

180 2004001 1 362 Crush resistant filtering face ipaslc 

181 20040009338 Plastic rail system and other bui I di ni;. pn*pd ucts . rei nfoi;ced \vi th : po5 y niter jr^trix 

composites 

1 82 20040006 1 64 Sntuniescent fire rrtardam polymeric con position 

1 83 200302363 52 Polyolefin compositions md method of use thereof in mol tM products 

184 20030236350 Impact-modi ned composUions 

185 20030232176 Thermoplastic molding process afld ^ppamliis 

1 86 20030232 1 1 2 Packaging system assembly for carry-out food 

1 87 20030229 1 80 Deposable bakeware with improved drip resistance at elevated tenipcralures 
188a0MO2|i22 1 Higii perfonpance thermoplastic composifimis wi;h ^ 

189 2003022006 1 Microporom polishing pod > 

190 2003021 9663 Imaging member with amorphous hydrocarb^resin 

191 20030219646 Carbon fiber reinforced plastic bipolar plates with conrinupyielectriail palhways 

1 92 200302 1 5956 Multi-well vincrofillralion apparatus 

193 200302 1 3939 Electrical I ycoiiducti ve polymeric foams and elastomers ; and methods of 

manufacture thereof 

194 2003021 1 344 Method and composition for electrostatic coanng, and arncles made Iherefrpin 

195 2003021 1311 Integrated co-i^eclion molded vehicle components andj^e^pdsof inking jlie 

same 

196 20030207984 lonomeric nanoc^posites and articles therefrom 

1 97 20030207 1 23 Wealherable, thermostable poly mers having impro\ ed flow composition 

198 200302071 1 6 sendwich element and the use thereof 

199 20030207096 VVeatlieniWe multilayer resinous articles and method for their prepartion 

200 20030206928 BtOACTlVE, Bl O ABROR B ABLE SURGICAL POLYETHYL ENE GL YCOL 

AND POLYBUTYLENE TEREPHTALATE COPOLYMER COMPOSITES AND 
DEVICES 
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Searching PGPUB Production Database... 

Results of Search in PGPUB Production Database for: 

SPEC/<therinopiasik AND ("glass fiber" OR "glass fibers") AND (thermoformable or 

thermoforming)): 382 applications. 

Hits 201 thr ough 2S0 out of 382 



Prev. 50 Hits 



Next 50 Hits 



Jump To 



Refine Search SPEC/(thermoplastic AND ("glass fiber OR "glass fib 



Title 



PUB. APP. 
NO. 

201 20030205852 Polyester compositions 

202 20030205339 Tubular slat for covering Ibr architectural openings 

203 200302040 1 9 F.ngineered polyoiefin materials with enhanced surface durability 

204 20030203 1 84 Process to make a sheet material with cells ami voids 

205 20030200714 High performance door 

206 200301 93 1 05 Molding too? construction and molding method 

207 20030 1 93045 Flange reiat dant treating agents, fl ame retardant treating process and flame retandanl 

treated articles 

208 20030 1 90443 Thermoformcd food containers v, ith colorfast high color density blade pigment 

209 20030 1 35039 Foamed polypropylene resin sheet 

210 20030 1 83979 Mixing device and methods for producing thermoplaiicaUy proccssable moulding 

materials, especially additive batches 

21 1 20030183317 Structurally reinforced members 

2 1 2 20030 1 8 1 603 Resinous compositions, method o f manufacture thereof and arlkkHjabricated from 

the composition 

213 20030 18 1 583 Method fur agglomerating dispersed rubber 

214 200301 81261 Golf ball with a layer including composite material and a melhod for making such a 

uoj f ba|J 

215 20030180542 Thermally stable polymers, method of preparation, and articles made therefrom 

216 200301 7651 3 TeMile structures comprising orgnnopolysiloxano pQlyuT%-pQiy.Mrcihane biock 
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copolymer 

217 200.10 1 754SH Multilayer articles comprising rtsorcinoi afylate pply.c*lcr juidjM&odier niakiiig 

thereof 

218 200301 733u6 Di&posible food container with a I i near side wall, profile andjm^maJiLBlrts: flange 

219 200301715C.3 Alpha-plefiijs and olefin polymers andprocesseii theafor 

220 200301 70450 Attachment of surface mount devices ro printed circuit .JjpnrdtiiiSnga. thermoplastic 

adhesive 

221 2003.0170444 Attachment of surface mount devices to printed circuit boards usinga thermoplastic 

adhesive 

222 20_030 1 66764 Method of prepregging with resin and jiovel preprcg^produced hy_^UD?died 

223 200301 62900 lmpact-resi&mt modified polyarnide molding compositions with higher nscli 

viscosity and improved surface quality 

224 20030)62852 Acoustical insulation foams 

225 20030162001 Multilayered composite body consisting of leather arid thermoplastic ejastomers 

226 20030 1 55694 Post formation profile processing 

227 200301 55635 Molding method and apparatus wi (h_piura1 cc^miing m^tcoi Lfi>r .forming 

interior trim components for motor vehicles 

228 20030 1 52760 Imaging element living improved crack propagal i oojditri nftcon version 

229 20030 1 50854 Disposable^ mjcrowaveahle contnirsers having suitable food .contact .compatible 

olfactory properties and process for their nianufacture 

230 200301 4 8093 MuUilajere?} article 

231 20030144422 Novel degradaMc poly mer s 

232 20030.144389 Method of content protection with durable UV absorbers 

233 20030 1 4 1 609 Method for.inomentarily..healmg tha surface of a mold and s ystem th ereof 

234 20030141297 Thermofojm^^^ mineral having. food 

conigcl compatible Qjfecioiy properties.^ 

235 20030 1 39504 Flame retardant resinous compositions and method 

236 200301 38655 Wiper biade 

237 20030132657 Molded article haying a riyid support and a fle\ible hollow member 

238 200301 30520 Polyolefm powder, processes for making and u sing slush melded ar ticles jnade 

from the same 

239 20030 129376 Imaging element having improved crctckprop^ 

240 -mmi^Am- high performance thermoplastic compositions with 

IMPROVED MELT FLOW PROPER11ES 

241 20030125430 Tran&pfirenc, flame rctardanl po)y(aryk^e other) blends 

242 20030 1 24 254 Wet on wet process .for producing films 

243 20030 1 20077 Hydroxy substituted \-alkpxy hindered amines and composi fioo* .stabili zed 

therewith 

244 200301 199S6 AB.S corn] positions wilh i mproved. property combinations 

245 200301 19950 Method. of content protection with durable LIV absorbers 

246 20030 1 1 4563 Impact-resi^^ cpnioosition 

247 20030.1.00650 Flame.retardant rcsnoia.CpmpostiQnsiiiid mfilkft! 

248 20030108700 Piastic shipping and storage container*; and composition and method therefore 
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249 2cm» 1 n>22> rhernwptattic molding compounds wj ih improved impact resistance 

250 2fl03l»lfM)M* Biodegradable March resin and method for making -same 
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Searching PGPUB Production Database... 

Results of Search in PGPUB Production Database for: 

SPEC/(thermoplastic AND ("glass fiber" OR "glass fibers") AND (thermoformable or 
thermoforming)): 382 applications. 
Hits 251 through 300 out of 382 



Prev. 50 Hits 



Next 50 Hits 



Jump To 



Refine Search | |SPEC/(thermoplastic AND ("glass fiber" OR "glass fib 



PUB. APP. 
NO 

251 20030092837 

252 20030090129 

253 20030088026 

254 200300JG49N 

255 20030073773 

256 20030072956 

257 20030072945 

258 20030055188 

259 20030054187 

260 20030050400 

261 200300494S1 

262 20030045640 

263 20030040577 

264 20030039839 

265 20030038075 



Title 

ABS compositions having improved combinations of properties 
Automotive rail/frame energy management system 
Thermoplastic resin composition 

Hindered amine light stabilizers based on mulri-%ictipnal.carbpnyl .©impounds and 
nielhods of making same 
Impact-modified polymer compositions 
Laminate 

Thermally stable polymers, method of preparation, and articles .made thereAgm 
NoveLphosphorus-containing monomers and flame r<?iiiida.*ii high, impact 
monovinylidene aromatic polymer compositioni..derived. therefroin 
Laminate 

METHOD FOR PREPARING OOPOt.YESTERCARBONATES AND ARTICLES 
THEREFROM 

Method and compositions for electrostatic painting, .and articles made .therefrom 
Oxygen scavenging high barrier polyamide compositions for packagingapplicadons 
Polypropylene graft CQpolymcr/ftuorinated polyotefin blends 
Decorative film for use in plastics molding, process for preparing the same and 
injeel ion-melded part by use. of the same 

Hollow yarn membrane module, hollow yarn membrane module unit, and method of 
producing hollow yarn membrane modules 
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266 20030036502 Ptf }(?o1#n$ ether)-pob olefin. composition, method ffr.Mi^^ 

articles ckriyed therefrom 

267 2003 003 59 1 7 Image maki ng m ed* urn 

268 20030031847 Process of making a glossy lllpn 

269 20030030172 Formed ctecprartvc film 

270'2nftWl£2*«2 flexible polypiefin compounds for vehicle applications 

271 -2Wn»f)220rt9 Layered composite material, with an intermediate layer made from ajhcrmoplastic 

272 20030021915 Cellulose - polymer composites and relntabnanu^^ 

273 20030008 J 05 Metal-plastic comnosilemade from \{mS'fi^T^{s^tAlhmi^n^ 

274 20030004276 Polymer blends of polypropylene am! dhyleiu>o^n^:>|^ of 

blending, produces made therefrom, and method <>Fm^ina.p.rcklucte 

275 20030004%? Polyimide b]cii<i> s .mcihod of making, and articles made therefrom 

276 20.020190440 Meihod. for yncvurn. pressure forming reinforced plastic articles 

277 20020182389 5Icat-ab$prbing layer system 

278 20020179520 Multi-well niicrofjltratipn apparatus 

279 20020179170 Channel, for an autonjcbilejluid 

280 20020 175171 Seal able food con jaj ner with Jul retaining sidevval I. shelf 

281 20020173590 I .OW^LOSS BLENDS CONTAINING^ 

B A SED GRAFT COP OL YMER AND.PliQCESS FOR MAKING. TI1ERBO? 

282 20020 1 720 1 7 Functional, e?v:f osiire for a personal electronic device 

283 20DJWl"?nW»2 Twin-wali composite :s}ie£t 

284 20020 1 68503 Decorative and/or Hanie retardant laminates and/or polvokfin J ^minaieiMd 

processes of jnaqufactvpre thereof 

285 2M33\^SM 7 Reinforced thcrn^lMtic conippsUipnand jintdes^priypd.therfig^ 

286 20020161 156 COPOLYMERS OF HIGH V1NYLIDENE PDLYOLELINS. WITH VINYL OR 

VINYLIDENE MONOMERS PRODUCED BY F REE RA DICAL 
POL^EiyZATlON 

287 20020161075 Polymeric abides coMiin^ 

futvaiom)! carbpnyl compounds 

288 20020.156229 riurmiajly liable pQf>mj^.niej:hCfd.ofprep^aiiion l wdjtrttcle$ madejiigrefroin 

289 20020156165 Poly olefin articles with Ipngt-tenn el&y&l&d iemperature •alabiVily 

290 20020 1 5 1 233 Subassembly detuned to produce an aquatic glidin g board 

291 200201 5074S Surface finishing compression molding with muid4ayer.exlnjsipn 

292 20020147261 Iny>acHiiocHfi^ 

293 200201 37S22 Flame-rgsisranr, mineral -reinforced polycmtiqnate ..compositions wirli a high flow 

Hue si renal li 

294 20020136916 Elastic films made from.. jjlpha-olefin/viAy] aromatic and/pr aJiphaiic.pr 

cycloaliphatic vinyl or vinyliciene 

295 200201 36862 Decorative and/or flame ret nrdanHnm^ of .manumciiirc thereof 

296 200201.355 19 Elect* ically co nduc tive patterns. &rjtermns and meth ods of manufacture 

297 200201 32905 Conipp*itiomjof inlci polymers of alpha-olefin monomers \\}th one or more vinyl or 

vinylidene aromatic monomers and/pr on^ur more hindered aliphalicjor 
cycloaliphatx vinyl or vinylidene monomers blffldi^.Mlb.a.WffliucUYc additive 
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298 WET- LAID NONWOVEN WEB FROM UNPULPRD NATURAL F1BFRS AND 
COMPOSITE CONTAINING SAME 

299 2uO20l2i5 » 4 )1 Resin composition and multilajered structure 

300 2f«'2cti:!2 < m7 scalable foud container wiih.imprmed lidding and stacking features 
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Searching PGPUB Production Database... 

Results of Search in PGPUB Production Database for: 

SPEC/(thermoplastic AND ("glass fiber" OR "glass fibers") AND (thermoformable or 
thermoforming)): 382 applications. 
Hits 301 through 350 out of 382 



Prev. 50 Hits 



Final 32 Hits 



Jump To 



Refine Search SPEC/(thermoplastic AND ("glass fiber OR "glass fib 



PUB. APP. 
NO. 

301 20020121717 

302 20020121223 

303 20020120076 

304 20020120044 

305 200201 19719 

306 20020117873 

307 200201 13694 

308 200201 131 IM 

309 200201 1 1427 

310 200201 1 1409 

311 200201 1 1405 

312 200201 08725 

313 20020106483 

314 20020106.568 

315 20020103295 

316 20020009218 

317 200200i)9I25 

318 20020094398 



Title 

Acoustical insulation foams 

Copolymer, adhesive containing She same and laminate 

Free flowing polyester molding composition 

Flame retardant polycarbonate resin/ ABS graft copol yme r blends 

Engineering thermoplastic polyurethane reinforced with glass mat 

PICKUP TRUCK BOX 

High performance fuel tank 

Deep dish disposable container 

Thermoplastic containers having high dimensional stability 
Polyester compositions having impros ed color stability 
Flame retardant polycarbonate resin/ABS graft copolymer blends 
Bulkhead and partition systems 

Modified contoured crusbable structural members. and methods for making the same 
Shaped contoured crusbable structural members and methods for making ihe same 
Thermoplastic molding compositions 

Hindered amine light sterilizers based on multi- func tional car bony l compounds and 
methods of making same 

Oxygen scavenging high barrier polyamide compo sitions for packaging applications 
Extruded multilayer polymeric she'! having textured and marbled surface 
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319 200200S7000 Oligonieric hindered amine light stabilizers b»SBSd.on. muUiTlByiDClii^dLcai'bfinyl 

compqunds_und melhodspf making same 

320 2«*.*20lffi2Wu Thermoplastic compositions haying hish diiMOdfiadJSfiobilLty 

321 2UH2UO? Iv2<i Contoured composite struct^^ iti^odsJ^rtna1dnttJ-hc^am« 

322 20020062546 Coated contoured erushnblc structural members and methods for making the sajne 

323 2<TC*24Jtifi IM7h Propylene polymer cc*inpoVitio.n 

324 20020058735 riydroxy-subiuiancu N-alkoxy hinck^red.amincs nnd cpmpositiQns.stabil!7ed 

thez'cvkilii 

325 2QG2G055586 THERMOPLASTIC COMPOSITIONS HAVING HIGH DIMENSIONAL 

STABILITY 

326 20020055006 Multil;^ i.Qnoffifiric decorative surfacing 

327 20020052429 Functional liquid-solid additive systems: compositions, processes, .and ^rojiucig 

thereof 

328 200200456S5 Thermoplastic compositions of interpokym 

more vir.yl or vinylidene aromatic Hionomers^d 

or cyclorJiphiilic vinyl or vinylidene monomers hleadal vyith-CngiQeeriais 

themopW&iics 

329 2002004568 1 Hiuh solid* polymeric additive i<y$\m*'- comppsitions^rocesse^ad pipdyefc 

thereof 

330 20020045680 Mu|liplr.^pQ|yni^nc additive systems: compositions, processes^ 

33 1 20020045056 Process for producing Uwjnaied sheets or rdmsjand.nwldin^ 

and thermal. aging resistance 

332 20020043654 Eleclrically conductive thermoplastic elastomer a nd produc t made thereo f 

333 200200401 20 Novel phosphorus and tkgig retardant high impact 

monovinylidene aromatic polymer compositions derived th e refrom 

334 20020040090 ThernK^lastJC r^in composition,, molded produd u^Dgtlia sains &nd transport 

member for electric and electronic pa ris using iltQ sanie 

335 20020.04007'! Dental materials containing a tear-off material 

336 20020039657 Thermally stable polymers, method or preparation, and articles, made therefrom 

337 20020037378 Disposable serving.. plate wiih sidcwall-engaged sealing cover 

338 20020035206 Re^iii.ccwnpOiiii pi i.and resin mcldmg?».U5in£ihej}Bm£ 

339 20020035 1 76 FlMiejetarcb^ rnonoyjnylidcne aromatlcpolymer composition 
340 a»200M2*3 T HERM OPLASTIC COMPOSITE MATERIAL 

341 20020028868 THERMOPLASTIC RESIN COMPOSITION 

342 2002002S3f>l Method of content protection with durable liV absorb^lB 

343 2.0020025099 Color slable cpmposiiions conlftimng a .^lat)^eomprising u polyin^ 

344 20020025420 Acrylic polymer capslock vviiJi ir?ipfoved adhesion to str uctura l plastics 

345 20020019466 Method to prepare phosphomniidcii, and re^n composition:; containing them 

346 20020014022 Athletic shoe mjdsole design and construction 

347 200200 12S06 Thermoplastic mylnlayer composites 

348 2002001 1047 Contoured erasable ccmiposhe simciural members an d met hods for making the 

snme 

349 200200 1 0283 NOVEL ARYL ESTER COMPOUND. ITS P RODUCTI ON PROCESS . EPQX Y 

RESITS COMPOSITION. USING. 5 AID COMPOUND. AND COPPER-CLAD 
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[57] ABSTRACT 

Fiber reinforced thermoplastic molded products, 
sheets, and the like, having a glossy surface are pro- 
duced by intimately blending discrete reinforcing fibers 
(eg. fiberglass) and thermoplastic fibers (eg. polypro- 
pylene or polycarbonate) into a web. The web is heated 
to the melting point of the thermoplastic fibers while 
applying pressure, to eliminate air and press the web 
into a consolidated structure. Breakage of the reinforc- 
ing fibers is mmimized by limiting the thickness of the 
web and limiting the pressure so as to produce a consoli- 
dated structure with minimal fiber breakage and a 
Notched Izod of at least one. Layering consolidated 
structures, some without reinforcing fibers, may be 
heated and pressed together to form a final structure 
having a thickness greater than the individual struc- 
tures. The great majority of the fibers are provided so 
that the fibers of each type are within the range of about 
0.5*5 inches. A sheet capable of replacing an automo- 
tive metal panel (that is having sufficiently high gloss, 
rigidity and impact characteristics) is provided, the 
sheet having a Notched Izod of at least about two and 
preferably at least about five. Products with Notched 
Izods of up to eight or nine may be achieved. 

22 Claims, 1 Drawing Sheet 
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heat and pressure, and limiting the pressure, so as to 
GLOSSY FINISH FIBER REINFORCED MOLDED produce a consolidated structure with minimal fiber 
PRODUCT AND PROCESSES OF CONSTRUCTION breakage and a Notched Izod of at least one. 

This application is a contmuation-in part of applica- 5 
tion Ser. No. 07/071,969, filed July 10, 1987. 

FIELD OF THE INVENTION 

This invention relates to reinforced thermoplastic 
molding in which the reinforcement is inv 10 

pregnated with a thermoplastic. 

, BACKGROUND OF THE INVENTION 

Reinforced plastic materials, particularly fiber-rein- 
forced plastic materials, have been prepared by various 15 
procedures in which the plastic is pre-unpregnated into . 
a fibrous reinforcement The plastic used as the continu- 
ous phase is usually of the thennoset type with chopped 
or relatively short reinforcing fibers distributed uni- 
formly in the plastic matrix A limited number of ther- 20 
moplastic-based reinforced systems are known, for in* 

stance, as a liquid plastic added to a fibrous bat or in a The 
film stacking process in which alternating layers of fibers comprise fiber bundles of fiberglass 

fibrous reinforcement and thermoplastic film are plied 1 which ^vc been opened into discrete staple filaments, 
one atop the other then consolidated with heat and 25 
pressure to form a consolidated laminated article. 

To the best of our knowledge, a fiber reinforced 
thermoplastic prepreg material containing a substantial, 
functionally significant amount of long fiber reinforce- 
ment presenting a smooth, glossy, cosmetically attrac- 30 
tive surface has not been described by a thexmofonning 
process. The thermoplastic properties of the prepreg 
material allow forming and processing procedures not 
possible with thermosetting reinforced materials. The 
fiber reinforced thermoplastic prepreg materials of this 35 
invention may be thermoformed into a final shape with 

tional (unhealed) metal forming presses. there is a process for preparing a fiber reinforced ther- 

v *f ^ aplastic product having a glossy surface. The process 

SUMMARY OF THE INVENTION comprises the steps of: (a) Providing reinforcing fiber in 

The invention particularly relates to, though it is not discrete stapleibnn (e-g. by opeiiin^p fito bundles of 
limited to in all respects, smooth, glossy finished fiber arenn^g fiber to ^^^^^ 
reinforced thermoplastic prepreg materials composed hiding Aermopla^fiber in discrete staple form 
of reinforcement fibers impregnated with andW 45 («•* by opening up the fiber bundlai of a thermoplastic 
rounded by thermoplastic. Prior to consolidation, the fiber to form discrete staple filaments), (c) Practicing 
materi al preferably consists of thermoplastic fibers and steps (a) and (b) so that the length of the great majority 
reinforcing fibers, intimately blended together. When of fibers of each type iy within the range of about 0.5-5 
heated, with the aid of pressure, the thermoplastic fibers inches, (d) In timatel y blending the discrete reinforcing 
melt, surround and impregnate the reinforcing fibers 50 and thermoplastic fibers into a web. And, (e) heating the 
and provide a smooth, glossy finish to the reinforced web to at least the melting point of the thermoplastic 
article. Excellent surface appearance, appropriate me- fibers and applying pressure to the web to cause the 
chanical properties, and the ability to accommodate thermoplastic fibers to melt to eliminate air from the 
high-speed processing characterize the prepreg materi- web and press the web into a c on s ol id ated product The 
als of this invention. 55 web optionally can be corrugated prior to step (e). 

According to one aspect of the invention, there is 
provided a process of preparing a fiber reinforced ther- 
moplastic molded product having a glossy surface. The 
process comprises the steps of: (a) Blending discrete 
reinforcing fibers and thermoplastic fibers to provide a 60 
uniformly blended distribution, and forming the 
blended fibers into a web. (b) Heating the web to at least : 
the melting point of the thermoplastic fibers and apply- ; 
ing pressure to the web to cause the thermoplastic fibers 
to melt, to eliminate air from the web and to press the 65 
web into a consolidated structure. And, (c) minimizing 
breakage of the reinforcing fibers during the practice of 
step (b) by limiting the thickness of the web subjected to 
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pattern or orientation determined by the air-laying 
equipment. Other ways of making the basic mat include 
using carded and cross-laid equipmcart, and good open- 
ing and chute feed batt forming equipment. 



5 



10 



15 



The blended fibers, corrugated or otherwise, are 
placed in a press maintained above the melting point of 
the thermoplastic fiber, the press is closed and the fiber 
mass is subjected to pressure, for instance 10 psi, for a 
brief period of time in order to cause the thermoplastic 
fibers to melt, spread evenly throughout and uniformly 
impregnate the reinforcement fiber mass and to form a 
20 smooth, glossy coherent surface on both feces of the 
shaped article. 

The blended fiber webs or corrugated webs may be 
formed into three dimensional objects with heat and 
pressure or consolidated into flat sheets or rolls as flat 
25 stock for later pressing and forming operations. Consol- 
idated sheets have a considerably smaller volume and 
are more convenient to handle than the fibrous webs. 

Thermoplastic prepregs are readily formed into three 
dimensional objects in conventional metal forming 
30 equipment using known fabricating techniques, and as 
such may be used in conventionally available metal 
working equipment, for instance by heating the thermo- 
plastic prepreg external of the press, then quickly press- 
ing in a press designed primarily for metal forming and 
Consolidated fiber reinforced molded sheets and 35 febricating. Becausethe P^^ 4 ^^ £ 
thrclXensional objects having a glossy surface at cess materials or 1^ ^te^t^uS 
le^in^cessof20 at : 20", preferably in the range of 40 dard desired may be heated and remdted without sig 
to 60 at 20* measurement, are consistently obtained. mficant loss of material mMmumA ^ tht > — 

UnSoSuSted fibrous webs of blended discrete rein- 

m £^^£^«** molded product is KS 

madTfrom a fiber reinforced thermoplastic prepreg 45 ough mternmong of the ^op^^^wn^tte 
S val procedures. According to a first embodi- reinfordng ^J^f^^Z % ^^t 
otent a thermoplastic fiber of any particular type, pref- mirror-hke surfece. Because tofflH»™ ^cr^ * 
erably havbig^^ 50, is stead of bundled, a smooth surface finish can be ob- 

blended with a reinforcement fiber until the fibers are tained. 
uniformly distributed. 50 



55 



60 



Following 65 

btimate mixing, the fiber* may De formed into a web in 
a number of ways. For example, they may be laid into a 
fiber mat or web on air-lay equipment with the^fiber 
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The intimately blended reinforcing and thermoplastic 
fibrous web is preferably prepared as follows; Staple 
fiber (both thermoplastic and reinforcing) is taken from 50 
a bale, weighed, the individual fiber bandies opened and 
blended. The staple fiber for both the reinforcement 
(fiberglass, carbon, aramid) fibers and the thermoplastic 
(polypropylene, polyester, nylon) fibers are used in 
co mbi nation and are intimately blended together* 35 



60 

The blend is processed on conventional textile 
equipment which opens the fiber bundles into discrete 
fibers and blends the reinforcement and resin fibers 
together. The fiber blend is preferably processed on 
textile air laying equipment which reduces breakage oft 65 
the fibers (it is useful to maintain a high length to diame-l 
ter ratio of the reinforcing fibers) and produces a web 
ranging from about 5 to 10 ounces per square yard. 
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It has also been found according to the present inven- 
tion that the length of fibers plays a part in determining io 
how successfully a glossy surface fiber reinforced ther- 

mnrlnrtir pH^'^ jtmAncetL In * typical prac- 

tk» erf the invention, fiber bundles of a reinforcing fiber 
ire opened op to form discrete staple filaments, and 
similarly fiber bundles of a thermoplastic fiber are 15 
opened to form discrete staple filaments. These steps arc 
practiced so that the length of the great majority of the 
fibers of each type is within the range of about 0.5*5 
The fibers are then intimately blended together, 
and heated under pressure to cause the therrnoplastic 20 
fibers to melt while *fag air, and while pressing 

the web into a consolidated product The typical length 
of glass reinforcing fibers that is utilized is at least 0.5 
inches to several inches. The upper limit would be pre- 
sumed from the inability to mix very short fibers with 25 
very long fibers. Fiber diameters in excess of 0.020 
inches would not be desirable for the organic fiber por- 
tion d ue to difficulties in ir*!" 1 ?** miimg. Glass fibers 
(or like reinforcing fibers) are usually less than 0.001 
inches in diameter. In general, the length and diameter jq 
characteristics of the fibers must be such to ensure inti- 
mate mixing of the fibers in order to get a class A type 
surface and good physical prop er ti es for structural use. 

Various examples which show the aspects of the 
present invention described above are as follows: 35 

EXAMPLE 1 

Thermoplastic polypropylene fibers (Amoco, type 
10, color 1312) and reinforcing glass fibers (Owens 
Corning Flbergias, type 700, H-filament) were individu- ^ 
ally separated into discrete fibers, followed by inti- 
mately blending in a 70/30 (by weight) thermoplastic/? 
glass fiber ratio. The blend was processed on air laying 
equipment (Rando Webber Model #458, #RWP 792) to 
produce a web in the range of 5-10 oz./sq. yd* and a ^ 
width of forty inches and a thickness of slightly less 
tfofr ii l inch. 



60 

i 



63 




i 



11 



4>948,66t 



12 




• "i 



■ ■ i 




United States Patent 

Helwig et al. 



US006054022A 
[u] Patent Number: 
[45] Date of Patent: 



Ml 



6,054,022 
Apr. 25,2000 



[54] METHOD FOR PRODUCING A NON-WOVEN 
GLASS FIBER MAT COMPRISING BUNDLES 
OF FIBERS 

[75] Inventors: Gregory S. Helwig, Granville, Ohio; 

VaUipuram Pathm ana than, Bradford; 
Robert W. Heseltine, Guideley, both of 
United Kingdom 

[73] 1 Assignees: Owens-Corning Veil U.K. Ltd., 

Liversedge, United Kingdom; Owens 
Corning Fiberglas Technology, Inc., 
Summit, HI. 

[21] AppL No.: 09/036,519 
[22] Filed: Mar. 6, 1998 

Related U.S. Application Data 

[63] Continuation-in-part of application No. 08/712,711, Sep 12, 
1996, abandoned. 

[51] Int. CI. 7 „D21H 13/38 

[52] U.S. CI, 162/156; 162/158; 162/164.1; 

162/164.3; 162/1683; 162/177 

[58] Field of Search 162/156, 158, 

162/145, 179, 177, 178, 168.1, 168.3, 100, 
164.1, 1643 

[56] References Cited 

U.S. PATENT DOCUMENTS 



3,871,952 
4,112,174 
4,118,272 
4,129,674 
4,179,331 
4,242,404 
4,265,704 
4,324,495 
4,370,169 
4,395,306 
4,690,860 
4,869,932 
4,882,114 
5,308,692 
5,389,716 
5,393,379 
5,409,573 
5,462,642 



3/1975 
9/1978 
10/1978 
12/1978 
12/1979 
12/1980 
5/1981 
4/1982 
1/1983 
7A983 
9/1987 
9/1989 
11/1989 
5/1994 
2/1995 
2/1995 
4/1995 
10/1995 



Robertson . 
Hannes et al. . 
Ziegler et al. . 
Hannes et al. . 
Chakrabarti . 
Bondoc et al. . 
Nahta . 
Martinez . 
Graham . 
Killat. 

Radvan et al. . 
Romberger . 
Radvan et al. . 
Kennedy et al. 
Graves . 
Parrinello . 
Weeks. 
Kajander . 



Primary Examiner— Peter Chin 
Attorney, Agent, or Firm— lager H. Eckert 



[57] 



ABSTRACT 



A method is provided for forming a wet-laid non woven glass 
fiber mat comprised of a plurality of bundles of fibers. The 
method includes the steps of adding chopped fibers to a 
water slurry containing a sufficient amount of a suitable 
hydrophobic agent to cause the fibers to form a plurality of 
bundles. The fibers are then formed into a mat which may be 
used in a number of reinforcement applications. A method is 
also provided for modifying the components in the water 
slurry to produce mats comprising either bundles of fibers or 
dispersed fibers. 
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In addition* the use of dry-chopped input 
fibers is more expensive than the use of wet-chopped input 
fibers because the fibers in a dry-laid process are dried and 
packaged in separate steps before being chopped online, 
white wet-chopped fibers are applied with sizing and then so 
chopped directly. 

For certain reinforcement applications in the formation of 
molded parts using polymer resins, it would be desirable to 
form fiber mats in which the mat comprises bundles of fibers 
(as in a dry-laid process) and yet has a uniform weight 55 
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[57] ABSTRACT 

An aqueous sizing composition with a cationic lubri- 
cant, amide compound, and water soluble or dispersible 
polyol which is used to produce wet chopped sized 
glass fiber strands. The sized wet or dried chopped glass 
fiber strands can be used to produce non-woven glass 
fiber strand mat, having good tensile strength, and good 
flexibility and reduced tendency for static generation. 
The wet chopped glass fiber strands also have good 
flowability in bulk handling apparatus. 

23 Claims, No Drawings 
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AQUEOUS SIZING COMPOSITION FOR GLASS 
FIBERS FOR USE IN PRODUCING A MAT 

The present invention is directed to an aqueous sizing 3 
composition for treating glass fibers and the treated 
glass fibers where the treated glass fibers are to be used 
in producing glass fiber mat 

More particularly, the present invention is directed to 
an aqueous sizing composition for treating glass fibers 10 
and the treated glass fibers that are used for producing 
glass fiber strand mat having good tensile strength and 
flexibility. 

The production of glass fibers from molten glass 
involves attenuating fibers from small orifices in a bush- 13 
ing in a glass melting furnace. As the glass fibers are . 
attenuated, but usually before they are gathered into 
one or more strands, an aqueous sizing composition is \ 
applied to them. The aqueous sizing composition is 
necessary to provide protection to the fibers from inter- 20 . 
filament abrasion. Also, the sizing composition can be 
used to promote compatibility between the glass fibers 
and any matrix in which the glass fibers are to be used 
for reinforcement purposes. In the production of glass 
fibers, after the sizing is applied, the fibers can be gath- 23 
ered into one or more strands and wound into a package 
or chopped while wet and collected. The collected 
continuous strands or chopped strands can then be dried 
or the wet chopped strands can be packaged in their wet 
condition. Such steps depend upon the ultimate use of 30 
the glass fibers. The dried continuous glass fibers can be 
subsequently chopped or combined with other glass 
fiber strands to form a roving or produced into continu- 
ous strand mats or woven. 



40 



It is an "object of the present invention to provide an 
45 aqueous sizing composition for glass fibers that are 
manufactured by the wet chopped forming process to 
yield wet chopped glass fiber strands having good flow- 
ability especially in bulk handling machinery. 
It is a further object of the present invention to pro- 
50 vide wet chopped glass fiber strands that have sufficient 
fiowability in bulk handling machinery. 
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wet or dry chopped glass fiber strand produced by. the 
present invention. 
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The aqueous sizing composition is applied to glass 
fibers in any suitable glass fiber forming process includ- 
ing the wet chop and continuous strand forming pro- 
cess. When the continuous strand forming process is 35 
used, the aqueous sizing composition must also have a 
starch or poly vinylacetate film former used in conven- 
tional amounts. Such amounts would increase the over- 
all solids of the size. The sized wet chopped glass fiber 
strands or dry chopped continuous strands can be used 40 
to produce a non-woven glass fiber strand mat by any 
process similar to the "wet-laid" process on any type of 
suitable machinery to produce a non-woven glass fiber 
strand mat with good tensile strength and with good 
flexibility and with reduced tendency to accumulate 45 
static chargrs. 
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In accordance with the present invention, the flow- 
ability of the wet chopped glass fiber strand is achieved 65 
only when the chopped glass fibers have been produced 
by a wet chop glass fiber forming process. The produc- 
tion of a flexible mat of glass fiber strand is achieved by 
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10 

The glass fibers can be cut as individ- 
ual fibers or they can be gathered into one or more 
strands and subsequently cut The cut glass fibers or 
glass fiber strands are then collected as wet chopped 

15 glass fiber strands. Any other suitable wet chopped 
glass fiber forming process can be used when the aque- 
ous sizing composition of the present invention is ap- 
plied to the glass fibers. The control of the moisture 
content between the range of at least 9 and 20 and pref- 

20 erably 10-15 weight percent is crucial for the flowabil- 
ity of the wet chopped glass fiber strands. It is believed 
without limiting the invention that it is the moisture 
content and the uniformity of the moisture content that 
enables the wet chopped glass fiber strands to have 
good flowability properties. 
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40 The wet chopped glass fiber strands can be used in 
producing non-woven glass fiber strand mat There is 
no absolute fiber length for a given glass fiber diameter 
in the production of non-woven glass fiber strand mat 
but generally the chopped strands having a length of 

45 around \ inch to 4 inches can be used. As the lengths 
increase, the fiber diameters can also increase and mix- 
tures of various lengths and various diameter glass fiber 
strands can be used. The wet chopped glass fiber strands 
in any suitable length and diameter can be used for 

50 producing non-woven glass fiber strand mat This in- 
vention can be carried out by employing any glass fibers 
conventionally employed to form glass mats. Prefera- 
bly, the glass fibers will have a diameter within * the 
range of about 3 to 27 microns and will have a length of 
: 55 about J inch to 3 inches. 

The wet chopped glass fiber strands can be formed 
into a non-woven glass fiber strand mat by any suitable 
process known to those skilled in the art. 
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